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Abstract. The INTEGRAL Mass Model (TIMM) was started in 1995 and aimed to create a detailed geometrical model of the
whole INTEGRAL satellite on computer. In parallel, a comprehensive Monte Carlo simulation code (called GGOD) has been
developed. The mass model and the Monte Carlo code together enable the in-flight operation of INTEGRAL to be simulated a
the individual event level. Thus TIMM can be used to provide an independent evaluation of the performance of the individual
instruments, to study the interference and complementarity between instruments, to generate test data for software develo
ment, and as a powerful tool for post-launch diagnosis. In this paper TIMM is briefly reviewed, some examples from ground
calibration are presented, and preliminary comparison to flight data is shown. The future use of TIMM to flat field flight data is
also briefly discussed.
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1. Introduction The main tasks of TIMM are to build an independent geome
cal and chemical model of the entire INTEGRAL payload al
E%acecraft, and to perform intensive Monte Carlo simulatio
Ehus providing a unified background and performance eval
f8n of all instruments. In this paper results are presented
S and SPI only. The model is constructed using inform
n supplied by the instrument teams about the geometr
%’tribution, and chemical composition, of material in the i
struments. Apart from understanding and quantifying the ba
ground, itis also important to be able to unravel any unexpec
phenomena which may occur after launch. In the past this
b%en possible to achieve by performing tests on the flight sp
4F0 the case of INTEGRAL there will be no complete fligt
gpare and TIMM will represent the only means of testing a
pérplexing post launch scenarios.

INTEGRAL is very complex and, due to the penetrative natu
of y-rays, the individual instruments cafiect each other’s per-
formance. Although the instrument teams are responsible
the design and modelling of their own instruments, experien
from past missions tells us that it is necessary to have an in 5
pendent system-wide modelling programme to assess or 91
vide support to the following aspects of INTEGRAL:

— Overall background modelling — including thets of the
local environment;

— Instrument design issues including internal event rates

telemetry requirements;

Possible shadowing of one instrument by another or spa

craft structure;

Independent assessment of instrument sensitivities;

Analysis software development; L 2. GGOD and The INTEGRAL Mass Model

Payload Ground Calibration (PLGC) activities;

Post-launch problem solving and system configuratidks previously discussed (Lei et al. 1999; Ferguson et al. 20

validation. TIMM consists of three main parts: the payload and spacec
- model; the GGOD software suite; and the simulation of insti

Senq g print requests toC. Ferguson, ment characteristics and on-board sigdatia processing.
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* Based on observations with INTEGRAL, an ESA project with The mo‘?'e' of th(_':' payload_and spagecraft has been c
instruments and science data centre funded by ESA member st&fgdcted using detailed technical drawings of INTEGRA
(especially the Pl countries: Denmark, France, Germany, ltallhe GGOD software suite has been developed locally
Switzerland, Spain), Czech Republic and Poland, and with the p&outhampton to allow all of the background components
ticipation of Russia and the USA. INTEGRAL to be fully modelled. GGOD (Fig. 1) uses thi
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i Fig. 2. Comparison of PICsIT shadowgrams for the PLGC position 2
The GGOD Software . (source shining through the SPI mask onto the IBIS detector plane).
o Sijmulation is on the left and real data (Calibration Run 4843) is on the
right. The images are slightlyfiset due to inaccuracy in the supplied

XY, Zt,E source position.

$4.0 image (simulated) $4.0 image (PLGC RUN4802)
Fig. 1. Overview of the data flow within the GGOD software suiteucsz PICSIT 2
Light coloured arrows refer to data input and output, to and from, the &
GGOD software. Dark arrows represent the flow of data between the
components of the software. The ellipses represent the input data re
quired by GGOD while the output data is represented by the rectangfe:
Internal data files are represented by hexagons.
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GEANT, GCALOR, ORIHET and DECAY codes to allow sim- )
ulation of cosmic dfusey-rays, cosmic rays, and induced ra-

dioactivity. Within the overall GGOD structure, GEANT and

GCALOR are used to track photons and particles throu@g.&Com'pgrison of PICsIT shadowgrams for the PLGC position 3

the Spacecraﬂ geometries and process their prompt inter@@ﬂl’ce shlnlng through the JEM-X mask onto the IBIS detectors).
tions. Using the rate of isotope production, ORIHET cafimulated data is on the left and the real data (Calibration Run 4802)
culates the radioactivity within each geometry element, afP" the right.

from this DECAY generates the photons and particles pro- i gimutocs $4.0 image (PLGC RUN4760)
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GEANT/GCALOR. For an extensive review of the develop-" LI LN n !
ment and applications of mass modelling see Dean et al.[ 51 § §i® ®f 1 11 Ni
(2003). " L
i
i
3. Payload Ground Calibration (PLGC) = ' - =

Limited validation of TIMM has been carried out using PLGC
data. A selection of runs have been simulated and the shat
owgrams recorded within PICsIT have been qualitatively com- PICSITY PiesITY
pared with the real data. Four runs are presented here: shiriig4. Comparison of PICsIT shadowgrams for the PLGC position 5
the source through the SPI mask onto the IBIS detector plarf@s-axis illumination of IBIS). Simulated data on the left and real data
(Fig. 2); shining the source through the JEM-X masks onto tf@alibration Run 4760) is on the right.
IBIS detector planes (Fig. 3); IBIS on-axis (Fig. 4); and shin-
ing the source through the edge of the SPI mask onto the IBAS
detector planes (Fig. 5). )
In all four cases the qualitative agreement is readily appén-this paper a preliminary comparison of in-flight data and
ent, however there is a cleaffeet in all cases due to inaccupre-launch simulations is presented. TIMM underestimates by
racy in the supplied source position. There are some featusefactor of~2 the PICsIT single pixel spectrum (Fig. 6), how-
present in the real data that have not been reproduced by ¢lier some features within the spectrum are clearly reproduced
simulations. It is clear TIMM currently has an outdated designe. at~500 and 660 keV). Further features, at 1-2 MeV and
for the JEM-X mask structures (Fig. 3). There are also som& MeV, appear to be visible in both the simulated and real
successes for the modelling approach; note how well the sldé&ga. Within the real PICsIT data there is a noticeable increase
around the SPI mask are reproduced (Fig. 5). in counts below~300 keV, which is not reproduced by the
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Fig. 5. Comparison of PICsIT shadowgrams for the PLGC position 8
(source shining through the edge of the SPI mask onto the IBIS detec- ”‘H“H‘

0.0001

tors). Simulated data on the left and real data (Calibration Run 4744) 100 1000 10000
on the rlght Energy (keV)
Fig. 7. Comparison of in-flight SPI single detector spectrum (tak
100 from rev 13) and the pre-launch TIMM simulation (interactions with

TIMM data
Real data

8 usec are combined into one event). The broad spikes in the dat
the 1.4-1.6 MeV band are electronic noise (see Roques et al. 200:
a fuller explanation).

5. Future uses of TIMM — flat fielding

Itis intended to use TIMM to subtractfdhe systematic back-
ground from INTEGRAL observations and thus achieve t
statistical sensitivity (so called flat fielding; see Dean et
2003 for a comprehensive review). The count rate over the I
detector planes predicted by TIMM, even with no source, is |
from uniform. The sources of non-uniformity are the geom:
rical structure of the detector planes and shadows cast ontc

00001 s 1000 detector planes by structures within the spacecraftoanmy-
Eneray (ko) load (Ferguson 2000).

Fig. 6. Comparison of in-flight PICsIT single site spectrum (taken Figure 8 shows projections of the single site event col
from empty field at the end of rev 38) with the pre-launch TIMMdistributions along th@ICSITY andPICSIT.Z axes. The four
simulation. sets of pictures (top to bottom) show the simulation with ve
on, the real data with veto on, the simulation with vetd c
and the real data with vetoffo Within the plots the ffect of
detector module gaps can be seenRHEESITY = 32 and at

simulation. This is probably caused by spurious events Q%CSIT‘Z = 16, 32 and 48). Pixels adjacent to a module g

Counts/s/keV
o

0.01

0.001

L — ve a significantly higher background than those in the mid
erated within pixels as they recover after a high-energy cosmi a module. This is due to scatter into, and out of, the pass

ray event (see Segreto et al. 2003 for a detailed explanamonﬁ]aterial between modules and due to the increas@éciive

The simulated and real SPI spectra show many lines pigea of pixels next to module gaps. It is also clear to see
duced by the decay of radioactive elements within the instrye edge pixels have an enhanced count rate. The general s
ment (Fig. 7). Since no energy resolution has been appliedgothis enhancement is closely reproduced in the simulatio
the simulation it is diicult to judge whether the line intensi-However, when the veto is applied there is still some enhan
ties are correct. Considering just the continuum, it is clear thaknt in the very edge pixels within the simulation which is n
the simulations underestimate the real data by a factor8f 2 ggap in the real data. This may be due to excess passive ma
Above 1 MeV the statistics in the simulation are not googround the detector plane in the mass model.
enough to allow a proper comparison. A similar comparison, ope set of features is not reproduced by simulations at
using software suite entitled MGGPOD, plus a more detailgd the PICSIT.Y projection with veto & pictures the real data
investigation of the lines present is given in Weidenspointn@réa”y shows thefeect of the semi-module®®(CSITY = 16
etal. (2003). and 48). The analysis code currently being used does nol

The current TIMM simulations were undertaken using theude the &ects of semi-module electronics and logic. Th
cosmic ray intensity expected at solar maximum. This is likeijemonstrates why TIMM must include both physical and ele
to be an underestimation of the current cosmic ray intensitgonic dfects to simulate realistically the data.
and this may contribute to the facte® difference between the In the PICSIT.Z projections it is possible to see a sma
real and simulated data. increase in the background level towards SPI and JEM
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Fig. 8. Projection of thePICSIT.Y and PICSIT.Z axes of the PICsIT single pixel background events. Top to bottom are the simulation with
veto on, real data wth veto on, simulation with vet and the real data with vetoffo In this co-ordinate system SPI and JEM-X are at
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negativePICSITZ. The real data, veto on andfpoprojections were not produced using equal exposures.




C. Ferguson et al.: The INTEGRAL Mass Model — TIMM L2:

This is probably due to either scatteff of SPI and JEM-X The predicted non-uniform nature of the IBIS backgroui
or to their radioactivity. will introduce systematicféects which will limit the sensitiv-
The second cause of non-uniformity in the simulations i/ if not accounted for. TIMM will be used to model thes
shadowing by parts of the spacecraft or payload structufeatures, subtract them from the data, and thus reduce sys
Examples of this were seen during the PLGC. From the satic errors and recover the statistical sensitivity of INTEGRA
lected runs simulated it is clear that many parts of the spadéis allows one to normalise data taken dfefient epochs and
craft structure can produce features within the shadowgraimsherefore important for surveys.
recorded by IBIS (i.e. the slats in the SPI mask support struc-
ture; Fig. 5).
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